Cyclooxygenase (COX), which catalyzes the synthesis of prostaglandins from arachidonic acid, has two isoforms; COX-1 and COX-2. A large body of evidence exists to suggest that COX-2 is important in gastrointestinal cancer. In order to determine whether COX-2 is expressed in transitional cell carcinoma (TCC) of the human bladder as well as in gastrointestinal cancer, we investigated COX-2 expression in human TCC by Reverse Transcription-Polymerase Chain Reaction (RT-PCR) and immunohistochemical analysis, and we found that normal bladder epithelium did not express COX-2 and that COX-2 was markedly up-regulated in human bladder TCC. In nontumor tissues, COX-2 immunostaining signals were observed only in lymphoid follicles. Furthermore, the intensity and extent of COX-2 immunostaining in the bladder cancer tissues were scored and the relationship to tumor grade and stage was investigated. The levels of COX-2 expression were correlated with the tumor grade; from grades 1 to 3, there was a stepwise increase in the COX-2 immunostaining score. These findings suggested that an increase in COX-2 expression may be associated with bladder carcinogenesis as well as gastrointestinal carcinogenesis, and that it may be useful as a biomarker in bladder cancer.
INTRODUCTION
Bladder cancer is the most common malignancy of the urinary tract, and the fourth or fifth leading cause of cancer-related death of men in Western industrialized countries.
1) The prognosis of patients with advanced bladder cancer is still extremely poor despite recent therapeutic advances, such as improved surgical techniques and perioperative combination chemotherapy. Therefore, future improvement in the survival rate of patients with bladder cancer might be possible through the development of novel indicator or therapeutic strategies.
Non-steroidal anti-inflammatory drugs (NSAIDs), including aspirin and piroxicam, which are candidate chemopreventive agents active against the development of colon cancer, 2) have chemopreventive potential against rat urinary bladder carcinogenesis induced by N-butyl-N-(4-hydroxybutyl)nitrosamine. 3, 4) The chemopreventive mechanisms of NSAIDs remain to be elucidated in detail, but have been postulated to involve their abilities to inhibit cyclooxygenase (COX) activity. COX catalyzes the synthesis of prostaglandins from arachidonic acid. And there are two isoforms of COX: one is constitutively expressed (COX-1) and other is inducible (COX-2). The COX-2 gene is an immediate early-response gene that is induced by growth factors, oncogenes, carcinogens, and tumor-promoting phorbol esters. 5) Multiple lines of evidence suggest that COX-2 is important in carcinogenesis, and COX-2 is up-regulated in transformed cells 6) and in various forms of gastrointestinal cancer, [7] [8] [9] [10] whereas levels of COX-1 are relatively constant. Moreover, a null mutation for COX-2 resulted in a marked reduction in the number and size of intestinal polyps in APC mice, a murine model of familial adenomatous polyposis. 11) In addition to the genetic evidence implicating COX-2 in tumorigenesis, newly developed selective inhibitors of COX-2 protect against gastrointestinal tumor formation. 12) In the present study, we investigated whether COX-2 was up-regulated in human bladder cancer *To whom correspondence should be addressed: Department of Public Health and Molecular Toxicology, School of Pharmaceutical Sciences, Kitasato University, Minato-ku, Tokyo 108-8641, Japan. Tel.: +81-3-5791-6265; Fax: +81-3-3442-4146; E-mail: haras@pharm.kitasato-u.ac.jp as well as in gastrointestinal cancer. Our data show that levels of COX-2 are increased in human bladder transitional cell carcinoma (TCC) and that COX-2 may be used as a biomarker in bladder cancer, and also raise the possibility that selective inhibitors of COX-2 may be useful in the prevention or treatment of bladder TCC.
MATERIALS AND METHODS
Tissue Samples ---Formalin-fixed urinary bladder tissue samples from patients with bladder tumors and normal bladders were obtained from the Department of Urology, Nippon Medical School. Snap-frozen bladder sections from patients undergoing transurethral resection of bladder tumor or total cystectomy at the Nippon Medical School were also evaluated for COX-2 mRNA by PCR. Informed consent was obtained from each patient. Complete pathology reports were available on all tissue samples. The grade of tumors was determined according to criteria adopted by WHO. Reverse Transcription-Polymerase Chain Reaction (RT-PCR) ---Total RNA was isolated according to the acid guanidinium thiocyanate procedure. RT-PCR was performed using COX-2 specific primers, 13) 5′-GGTCTGGTGCCTGGTCTGATG-ATG-3′ and 5′-GTCCTTTCAAGGAGAATGG-TGC-3′ and 5 µg total RNA as templates by ReadyTo-Go RT-PCR Beads (Amersham Pharmacia Biotech, U.K.). The PCR products were separated by electrophoresis on 1% agarose gel and visualized by ethidium bromide staining. For southern blot analysis, the PCR products were then transferred to a nylon membrane and hybridized with [ 32 P]-labeled human COX-2 probe. Immunohistochemistry ---Tissues were fixed in formalin, embedded in paraffin, cut into 2.5 µm sections and mounted onto polylysine-coated slides. Sections were dewaxed in xylene and rehydrated in descending alcohol. They were immersed in 0.3% hydrogen peroxide to block endogenous peroxidase activity, microwaved in pH 6.0 citrate-phosphate buffer for antigen retrieval, and incubated with 10% normal goat serum to block nonspecific binding. Rabbit polyclonal antibody specific for COX-2 was then applied as the primary antibody, followed by a standard staining procedure using Histofine SAB-PO(R) kit (Nichirei, Tokyo, Japan). The immunohistochemical expression of COX-2 in the tumor cells was examined independently by two pathologists using light microscopy. The intensity of COX-2 staining was scored in each specimen on a scale of 0 to 3, in which 0 = negative staining, 1 = weakly positive staining, 2 = moderately positive staining, and 3 = strongly positive staining. The extent of positive tumor cells was determined semiquantitatively by assessing the whole tumor section, and each sample was scored on a scale of 0 to 4, in which 0 = negative; 1 = positive staining in 1% to 25% of cells; 2, in 26% to 50%; 3, in 51% to 75%; and 4, in 76% to 100%. Immunoreactivity for COX-2 was finally compared statistically using the sum of the scores in each histological category score, as reported previously.
14)
Statistical Analysis ---Results were analyzed using the Mann-Whitney U-test. A difference between groups of p < 0.05 was considered significant.
RESULTS

COX-2 mRNA Levels in Human Bladder Cancer
Seven tissue samples (two normal bladder, four grade1 and three grade 2 tumors) were analyzed for COX-2mRNA expression by RT-PCR. As shown in Fig. 1 , COX-2 702 bp cDNA fragments were amplified in two of four grade 1 tumors and all of three grade 2 tumors, although they were not amplified in any of the normal bladder tissues.
COX-2 Protein Expression in Human Bladder Tissues
To investigate the expression and location of the COX-2 protein, an immunohistochemical study was performed in the normal and cancerous bladder tissues. Pathological grade and stage of 51 bladder tumor samples are summarized in Table 1 . All cases of grade 1 tumors showed pT1. Samples with a higher grade tended to show a higher pathological stage and 80% of grade 3 cases showed invasive tumor (more than or equal to pT2). Positive immunoreactivity to COX-2 protein was observed in 50 of 51 TCC samples. As shown in Fig. 2 , the staining intensity of COX-2-positive TCC varied markedly between different tumors. We divided tumor samples on the basis of the intensity of immunostaining into four categories, 0 (negative), 1 (weak), 2 (moderate) and 3 (strong). The typical immunostaining pattern of COX-2 in the cases of categories 1, 2 and 3 is shown in Figs. 2A, 2B and 2C, respectively. In non-tumor tissues, strong signals were observed only in the lymph follicles (Fig. 2D) . The intensity of lymphoid follicles was 2 (moderate).
The intensity and extent (% positive area) of COX-2 staining in each cancer grade are summarized in Table 2 . In order to investigate the relationship between COX-2 expression and cancer grade, the COX-2 scores were next evaluated in the bladder tumor specimens (Fig. 3) . The mean value of the COX-2 score in each grade was as follows: grade 1, 3.25 ± 1.96; grade 2, 4.41 ± 1.58; and grade 3, 4.93 ± 1.97. The score was higher in the high grade cases with a significant difference between grades 1 and 2 (p < 0.05) and grades 1 and 3 (p < 0.01). Additionally, we evaluated the relationship between COX-2 expression and tumor stage (Fig. 4) . The mean value of the COX-2 score in low and high stage was 1.65 ± 0.13 and 2.24 ± 0.20, respectively. The 
Fig. 2. Immunohistochemical Analysis of COX-2 Expression in Bladder Tumor
The tumor grade of tissue samples A, B and C were grades 1, 2 and 3, respectively. The immunostaining intensity shown in A, B and C was distinguished as categories 1 (weak), 2 (moderate) and 3 (strong), respectively. COX-2 was not expressed in the normal urinary bladder, but the intensity of lymphoid follicles was 2 (moderate) (D).
No. 1 high stage COX-2 score was significantly higher than that of the low stage.
DISCUSSION
There is ample evidence to suggest an important role for COX-2 in cancer. Many reports indicate that COX-2 is up-regulated in most human tumors such as colon, stomach, lung and mammary tumors. [7] [8] [9] [10] [13] [14] [15] In the present study, we found that COX-2 was also markedly up-regulated in human bladder TCC. We further showed that from grades 1 to grade 3, there was a stepwise increase in the COX-2 score. Our findings indicate that COX-2 might play an important role in bladder tumor development and progression, and it might be useful as a biomarker in bladder cancer.
During the preparation of this manuscript, four groups independently reported the presence of COX-2 in human bladder TCC. [16] [17] [18] [19] Although our data indicated that almost all of TCC (98%) including lowgrade TCC were positive for COX-2, these recent reports indicated that only 34 to 84% of TCC were positive [16] [17] [18] [19] and Kömhoff et al. did not detect any COX-2 expression in low-grade TCC.
18) Discrepancies in the immunohistochemical data may be due to the use of different antibodies and/or staining methods that affect both sensitivity and specificity.
The function of COX-2 in tumor development and progression remains to be fully elucidated. The most obvious possibility is that an overexpression of COX-2 leads to high levels of PGs in tumor tissues. This hypothesis is supported by the finding of elevated levels of PGs in cancer tissues compared with corresponding normal tissues. 20, 21) Thus, PGs produced by COX-2 may subsequently facilitate tumor progression by acting as differentiation and growth factors, and as angiogenic agents. 22) Treatment with PGE 2 , as well as an overexpression of COX-2, inhibited programmed cell death and enhanced the tumorigenic potential of colonic epithelial cells. [23] [24] [25] It was also reported that ibuprofen in- Vol. 48 (2002) hibited the invasion effect of UN-UC TCC cell line and that PGE 2 recovered. 26 In human bladder tissues, COX-2 protein was detected in lymphoid follicles as well as in TCC (Fig. 2D) . This observation is consistent with the previous reports that the expression of COX-2 is induced by inflammatory stimuli and that inflammatory leukocytes express high levels of COX-2 protein. 28, 29) It has also been reported that eosinophilic or irritant-induced cystitis is a risk factor for bladder cancer, 30) and the expression of COX-2 in lymphoid follicles may be associated with bladder carcinogenesis.
Clinically, bladder tumor is a frustrating tumor since superficial bladder tumor has a recurrent potential and invasive bladder tumor prognosis is still poor despite therapeutic advances. It was recently reported that COX-2 specific inhibitors, nimesulide and celecoxib, had chemopreventive effects in a rodent model of superficial bladder cancer. 31, 32) These findings suggested that COX-2 inhibitor might prevent human bladder tumor and have a useful potential bladder tumor control or treatment. However, since the antitumor effects remain to be elucidated, future clinical study is necessary.
